Exhibit A 



Biochemical modifications of avidin improve 
phari^e^^ and biodf stribution, and reduce 
immunogenrctty 



M Chinol', P CasaJlnP, M Magglolo', S CanevarP, ES 0moo>o\ P CallcetP, FM Veronese', M 
F CWoterto*. E Mardone*. AG SfccardP and G PaganelH' 

,^*Nu<^M*e^, E urc^ 



Tunwri. Via Vemnian 1 , 201 33 Mian; Department ( 



! ol Phaimaceuttcal Sciences, University ot Padua, Va Marzolo 5, 



Via BteKa B, 20143 Mian; S CMB(T Si 



Scientific IratHute. Via Oganlna 60, 20132 Mian, Ite 



and tower immonogenteitv than streptavWht In order tor ^procedures 



to be applied safety and repeatedly In patients. We prepared a 



originates a compound with a suitable t 
Keywords: modHied avidin; recombinant avidin; polyethylene glycol; pharmacokinetics; immunoganicHy; three-step pretargetlng 



Avidin IAV) and sireptavidin (SA) have a similar leuamene 
protein conformation and affinity for biotin (AC, = HI 15 M). but 
differ in primary amino acids sequence, net charge, glycosylate 
and immun<xross-reacliviiy (Green. 1975). Avidin contains twice 
the number of the bask amino acids lysine and argimnc than SA: 
therefore, the isoelectric poi"' ** * v is approximately 10 
compared with about 7.0 for SA. Approximately MW of avidm s 
mass is due to heterogeneous oligosaccharides, largely composed 
of mannose and N-acetylglucosamine (DeLange. 1970: Bruch and 
While. 198"!). Because of their high affinity for biotin. they have 
been used in numerous biotcchnological applications (Wilchek 
and Bayer. 1988. 1989) and in different in vivo procedures such as 
radioimmunodetection and drug immunotargcting (Hnutowich ct 
al. 1987: Paganelli el al. 1990. 1995). Radiolabeled AV and SA 
snow different plasma pharmacokinetics and in vivo behaviours 
(Rosebroiigh. 1993; Sung el al. 1994; Granu cl al. 1996). Avidm is 
quickly cleared from circulation via the reticuloendothelial system 
and its clinical utility as a clearing agent "chase 1 for biotinylatcd 
monoclonal antibodies (MAbs) has been proved (Kobayashi ct al. 
1994: Paganelli el al. 1994). 
Multisjep approaches hav« evolved and encouraging results 
. have been obtained in animal models (Alvarez-Dicz et al. 1996) 
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and in birth diagnostic and therapeutic clinicul trials (Paganelli et 
al. 1 996: Samuel et al. 1 996). Efforts are under way to improve the 
system through the optimization of each component including the 
nature of the MAb-streplavidin conjugate, the clearing agent 
and the radiolubdled biotin derivative (Axworthy el al. I995; 
Beaumicrcl al. I995). A prciargcting protocol, applied to rad.o- 
immunothcrapy of brain tumours, involves the combined use of 
AV and SA in the second step (Paganelli et al. 1996). In this 
method. AV is injected first to remove circulating biotinylated 
MAbs fonning complexes (hat are efficiently removed by the liver 
•chase cffccf (Paganelli et al. 1994). Then. SA is slowly infused 
with the purpose of obtaining a better -avkfination" of the tumour 
than AV as a result of its longer residence lime in blood. Although 
the system has been optimized and has shown objective clinical 
responses (Paganelli et al. I997«). tht relevant immune response 
to these xenoproteins. especially SA (Paganelli et al. I997W. 
considerably limits the procedure, In an effort lo replace ihe highly 
immunogenic SA and prolong the presence in the circulation of 
AV we focused on AV and prepared a recombinant form with 
no carbohydrates. We also biochemically modified AV in Iwo 
ways: (a) by neutralizing its lysine residues wiih succinic anhy- 
dride- and (b) by covalently linking PEG via its amino groups 
at different molar ratios. The pharmacokinetics, biodisiribution 
and immunogenicity of recombinant and modified AVs were 
investigated in immunocompetent mice in comparison wiih native 
AV and SA. 



MATCTIALiANpMBTHPPS 

AvldlnandrtrefJtiVldlh 

Both products were purchased front Soeicta Prodoili Aniibioiici 
(Milan. Italy). Native, avidin from pure egg while was purified 
according It) a previously described procedure (Green, 1970). 
Sirepiavidin.- produced from SuvpiomSiyx urUlinil, was. isolated 
from" Tcnr^iaiion .filiriiies; fol}owing> purification, method thai 
included iim exchange ^^Hytcbip^ilosn^. ultrafiltration 
and lycipiiijiia'tiiin. Overall the procedure yielded a highly purified 
SA without milTcr salts. .. 

Preparation otrecomty (r»p-AV) 

A syVlhctiecDNA: cnctxling ror lfie fullVand cornxi sequence of 
hen avidin was cloned ^■tm.BftieAliiimtfi expression vector. 
The. insoluble avidih. ckp^s^f.b^ihe 'jj^on^^»prto wos 
Mobilized, rerwiua^^ 

un agarose i^jn^Hi^^i^8!!|fr» i S 'U»!«5iVMQ'-' u . SA > 
obtain pure u^i'u'ntfio^.^ ieye|s.or : a>»>ui:2<|nig I 1 of 
cell.culi.ure. El%^*^ofi««B!K^'^^^p»U-.%i^« ; ^qapl%^f«»» ^|vro«nsMfn?catrt*y 
exr^rnenis slii^i^^'liW^a^Jbe^j^v W.lbavV Qfyrsuwie 
sirodure in^ V» ^ 

Before (he in vivo expcnmeiHV' Ihe^prep^raiion ol pure at. AV 
' iw^l-ntrp^ueiily =f»«ts^.:J^^h^^^yi-ec| f^v.^wktiml. IL. 
USA) to reduce the enu^«jxjnvivn»n.iratitm:'*>. ,15 EU nig 1 of 
pn«ein.. Details i>n. w=AV chming. e.\pressHjn, rninfication and 
ch^tcri/.aliori are de'scrir^l-^-wfcre (Shin el ai. 1997). 

Preparation of modrfitd avMins 
SuMlnyl tvldin (sue-AY) 

Avidih was reacted with /succinic anhydride to obtain a totally 
mnilified N-»-yj|Jeriv^w\|!n>a»l^ using a nH>lar. ritlio succinic 
arihydride-avidin of I^TtK^ckvini^nviK^^'^.^^-AV 
were, examined, by si^iiinvA^^ gel 
ekx'tn^iresjs ispS-PAGEHaeei^m^ 
pnW^urcs < Laer^ii.;;ft7.0>:^ was deter- 

mined by iwielectric Wiisihg ■'( ^ PfeSystern;^r>nacia. Uppsala. 
Swvdeni applying in parallel h» suirAVpi sjunu>rds (Phanhaeial. 
The btiHin-.bindihg Wlivi^wery^*rmi|iml'- M» dye 4- 
hydn).iyu/i»ben/ene-r-carbt)xi.lic arid (HABA). which binds only 
to avidin andis displaced by bioiin iGreen. 1970). 

AvfaMrvmPEG conjugate* 

MimorrKMhoxypolyelhyliwglyeol 5000 (Sigma) (mPEG) was 
ftmciionaiixed by norleucine (Nle) and activated til the 
aminoaeidic carboxylie group as sueeinimidyl ester to obtain 
mPEG-Nle-OSu (Sarlore et al. 1991 ). Proper amounts or the 
activated oligomer were wldcil lo AV solutions in ().l M borate 
buffer pH K.O ( »() mg ml 1 1 in «wler to reuch protein NH/polymcr 
ratios of 1:0.2. 1:0,3 and 1:1. 

The samples were maintained for 30 min at room temperature 
under stirring and purified by pel filtration chromatography using 
a Superose 12 analytical column (Pharmacia) elulcd by 10 mM 
phosphate buffer. 0. 1 5 M sodium chloride pH 7.2. 

The eluted fractions were analysed by optical density (OD) at 
2K0 nm fi>r protein detection and by iodine test for polymer (Sims 



and Snupe. 1980). The elution volume, conesponding to the. 
avidin-mPEG conjugate, was collected and c<imm\m<#Xy. uMra- 
nilraiion using an Amieon system with a PM 10 rnerhbratie (cut- 
off 10000). 

The protein concentration was evaluated by the biuret method 
(Gomull et ul. 1949) und amino ucid analysis, whereas the degree 
of avidin modification (percentage of derived protein^ amino 
groups) and the average number of mPEG chains' covatenily 
linked per AV molecule were determined by aVino'Mjd^alysis 
on the basis or the Nle content as reported :in v tr& literature 
(Bidligmeyeretal. I9B4). 

Eiuyma-llnked Immunosorbent assay (EtlSA) to test 
Notlri WniSinfl In vftro 

Biotin binding of mPEG avidins was checked, using an, EtjSA 
system. Solutions or uvidin and mPEG 'avidins m'p.^M^carr 
bonate buffer. pH 9.5. prevciuively a^ysed-j^.^.fr^i^iqujiif'' 
chroiTOHignjphy (FPLC System. Ptnmnocia.) 
llltruiiori column (Superdcx 21)0. Pharmatia) were^rlajly;di!uied 
in a range of 5-0.0 1 ug ml 1 and samples of l(jrt^r ^re;in^batcd 
overnight at 4°C in 96-well plates for coating. After incubation the 
wells were washed three limes with 250 ul of if^<pt>$b&c 
buffer. 0. 1 5 M sodium chhtride pH 7.2 und Tween^O (Q.iJ*). j 

The wells were incubated^ with 2(M)Ml .or50:Hg'in|^3b^>:irie 
serum albumin (BSA)iri 0.05 M TrivtK3..2;*M^^,0^l^q 
pH K for I h at 37*C. washed as above and incub^^d win^fWuj 
of hioiin-rai IgG conjugates (Sigma) diluted I iS^iiiiri-plto^ipiwie^ 
buffered saline (PBSVTween pH 7.2 for I h a) 37X| #ej^lls 
were further washed and incubated with I W) jil of. ra bb.il al^ij'rie 
phosphatase anti-rat IgG conjugates (Sigma) dilii.ted^!:J0'(MQ. in. 
PBS/Twecn pH 7.2 for I h al 37°C. The plates ;wyre ; w»!*!Sd 
five limes and finally 100 ul of substrate solutipnV($ignu;;l04, 
I mg ml ' in I M diethanoluminc. 0.5 m.w MgCI. pH '9.8) was 
added. The enzymatic reaction was stopped alter I h by additiim 
of 50 ul of 3.0 x NaOH and the OD al 405 nm jetA on.ja 9fr:well 
plate reader (AutoReader II. Oriho). The residual binding : tf iniidi- 
fied avidins for bkuinylated antibodies was estimated is per cent 
of Ihe value obtained with nalive avidin as follows: 

(dilution of mPEG AVs giving an OD reading of 0.3)^^^ 
(dilution of nalive AV giving an OD reading of 0.3) 
An absorbance value of 0.3 was chosen because it etirresponded lit 
three limes the background. 

RadtotebslUng 

Avidin. SA and the modified avidins were radiolabeled with '-"I 
using the chloramine-T method (Hunter i>nd Greenwood. 1962). 
Briefly. 0.5 mg of protein in 0.5 ml or 0.5 M phosphate bufTer tpH 
7.5) and 50 ul of aqueous solution of chloramine-T ( 10 mg ml 1 ) 
(Sigma) were added to a 1.5-ml Eppendorf containing radwiodine 
diluted with 0.05 m sixlium hydroxide. The reaction was quenched 
afier 5 min with 100 ul of 5 r /f sodium meluNsulpriiie. The radio- 
iodinated pnHcin was separated from free iodine by PD-IOgcl 
chitHnatography (Sephadex G-25. Pharmacia). As previously 
reported (Roscbrough. 1993). the labelling efficiency or SA was 
much higher than that of AV. 

Therefore. SA was radiolabeled with starting activities of approx- 
imately 1 1 MBq of |M I and the other proteins with approximately 
37MBqof'*l. 
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In vivo pharmacokinetics! and biadistribution 

Experiments were performed on orweetold female Balb/c mite 
(Charles River) housed und maintained under sterile conditions 
and receiving ouloclaved food and water. Animal treatments were 
■ performed according to institutional, and European guidelines. 
Mice received a Lugol solution (0.02%. I J and KCI0 4 in their 
drinking water for 3 days before radiola>elled.protein.udrninistra- 
lion und throughout the experirnen|s; to. block free iodine uptake 
by the thyroid gluml-oiid the stomach mucosa. Groups or three- 
animals per lime point recei ved an i.p, inject ion of 10-20 ug of the 
ruuToiSdinated proteins un«J : were 1 .sacrinced "ai : 3 _ b niin. I. 2. 4. 
6 and 18 h post-injection.' Major tissues' (blood liver, spleen, 
kidneys, lungs and bone). and [ urine were. obtained, weighed and 
counted in a gumma cpunjer. Tnc; biodisjribuiion data were 
calculated us perceniuge injected dujw per milligram or tissue 
(% ID mg ') and represented the mean values of three mice per 
lime point (Figure I >. 

To establish the pharmacokinetics, the blond samples were 
weighed and counted in u.garrtmu counter. Then, after ccnirifiigu- 
lion, the serum separated und iwhloniaewie.iwjd.lTCAl 20* was 
added to each sumple.'Thc pnxipjlutv.was then separated from the 
supcntuiuni -aml.|^i9l|'.'|itM]ii(m!« cwri|cd scriahi»eiy in the gamma 
counter.. The. rwrccntugtv pf -.the. ^^i$p!$a®wid -to the 
prex-ipijale( v ^ 

kinetic profiles. The p1o^%*leui^ycunvii Were obtained using 
rming program M.iftwarejSAAM.II, '.University of Semitic. WA. 
USA) plotting versus time Ihe V ID nig"-' cukrul'aied as follows: 



r /i ID mg 1 1 



ii. mg '>x<5rTCA) 



where c.p.m. mg 1 is the ratio between the mat activity of the 
blood samples and their weigh! and c.p.m. is iho activity of the 
administered dose. 



fmmunogenrefty studies 

The effect of different manipulations on Ihe immunogenicity of 
uvidin was tested in female Balb/c mice. For each modified avidin 
as well us native avidin. groups of 5-6 animals were injected i p 
and s.c. with 20-40 ug total of protein on days 0. 10. 16 tnd 51 
For all the injections, the some preparation of each protein was 
used. The solutions were stored at 4°C and their stability tested by 
fast protein liquid chromatography before to injection, mlood 
samples were drawn from the retro-orbital sinus before (hp experi- 
ment and on days 10. 16. 23 and 76 after the first administration 
The sera were collected by centrifugation and were tested for anii- 
avidin reactivity using an ELISA. 



EUSA to test for antibodies to modified avtdins 

Micrutitrc wells (Falcon 3912. Becton Dickinson) were pa-coated 
with human hiotinylaied albumin ai lOugml-' in 0(>5\i 
carbonate buffer. pH 9.6 Tor 90min at 37°C (50 ul per well) io 
Mock the AV. ree-AV and the modified avidins tin ihe -plates, 
because the direct coaling was not applicable to all samples The 
plates were then washed three times with PBSAI.05% -Twecn 20 
uml coaled with each modified avidin at 10 ug ml 1 in PBS/Tween 
tor 60 mm at 37 C C. This concentration had previously -proved to 
be surficieni lor saturating all bioi'ii-binding sites .of the precnated 
albumin. After three washes with PBS/Tween. I lie non-specific 
binding sites on the plastic were saturated with I ft standard 
detailed milk in PBS/Tween fur 60 min at 37 C C and the.pluics 
were again washed three tunes with PBS/Tween. Then, dilutions 
ol the serum samples, of 1:25 and 1:100. und of u rmwsc mono- 
clonal anti-uvidm antibody standard (mouse ascites fluid. Sigma) 
Irom 1:200. were added io the wells Tor 60 min at 37°C (50 ul per 
well), washed eighl limes with PBS/Tween und finally a 1:2500 
dilution ol peroxidase- 1 inked goal anti-mouse- Ig (Sigma) was 



I Characteristics ot mPEG-modlled avkjins 



AV-mPEO-3 
AV.mP€Q-7 
AV-mPEG-15 



-■Determined by Me content (BkJhgmeyef el at. 1984). 

Tabtea Molecular properties cJ AV, SA. rsc-AV and modified AVs 



AV wooo 
WC-AV 63000 



9-10 



"""AV 67000 - 35-3 7 

AV-mPEGS eooOO 2) 

AVmPEG-7 9! 000 38 

AV-mPEG-15 132000 100 



9-10 



Determined by electrophoresis for rac-AV andsu 



for mPEQ avians: toe Green (1975) lor AV and Chalet and W 



"Determined by Isoelectric Iodising. 'Determined by the 6USA system tor mPEG awSns arid by HABA method 
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added for 45 min at 37°C. The wells were washed again eight 
limes and the assay was then developed with o-phenytenediamine 
dihydrochloride (OPD, Sigma), blocked after 30 min of chromo- 
genie reaction with 10% sulphuric acid and the OP ai 490 nm read 
using an EUSA plale reader ( AuioReader II, Ortho). The sera with 
an OD three limes higher than the background (0.080) were 
considered as positive antibody reaction. On them, we repeated an 
ELISA test similar, to the one previously described, in which 
dilutions of positive mouse serum from 1:25 and of a mouse 
monoclonal anti-avidin antibody standard were incubated. We 
calculated the reciprocal value of each scrum litre, giving an OD of 
three limes ihe background and the immunogenicity of each 
modified uvidin was compared with that of a native AV. 



rec-AV suc-AV AvPEQ 3 AvPEQ 7 AvPEG IS 



The composition of uvidin-mPEG conjugates obtained using 
different protein amino groups-polymer molar ratios in the prepa- 
ration are reported in Table I . 

The degree, of .rnodification (percentage of. derivatized protein 
amino groups) was not linear with the increase in mPEO added to 
the reaction; thus the number of polymer chains bound to avidin 
ranged.fromi^io'.JS.-' -- : y- < ; „V'. . 

After modification. the i^oieins changed tfieir molecular weight, 
isoelectric poini. and 4i| . yjtio j^kNin^'^iQg'affiniiy ~(Tbb|e 2). 

In ihe'cu%«r.mProivjuMn& : alUmigh i the method [adopted, for AV 
inodificfiioV^W'a q^.,|jai^^dei^j^{^,W-^ number 
of bound REp mi^^lesi: the.' in TaWe 2 

are theoretical values' as -the mr^U reagent $ mride bp of ditTerent 
molecular weight molecules (average rijol. wl. == 5000 Da ). 

The average mol^^'wei^inc!^' Wqiiite irrelevant for 
suc-AV. whereas it was evident (21%. 38* and 100*) Tor mPEG 
avidins. 

The modification of the net charges of the molecules was partic- 
ularly evident by succinylatwn of AV. with the pi decreasing from 
the 9-10 of nalive AV to Ihe 3 5-3.75 of suc-AV. gec-AV and AV- 
mPEG-3 presented, by isoelectric focusing, substantially Ihe same 
pi as nalive AV. whereas AV-mPEG-7 showed a band corre- 
sponding to a pi of 5-6. 

The ELISA system was used to estimate the biotbi binding of 
mPEG uvidins us it was considered suitable and reliable. In fact, 
previous studies had demonstrated. lhal mPEG chains did not afreet 
the coaling of avidin lo the wells (Veronese el ai, 1996). 

The biotin binding of AV substantially decreased after biochem- 
ical modifications, as reported in Table 2. Only rec-AV maintained 
the same recognition ability as native AV and SA. whereas, by 
increasing the number of mPEG chains on the protein surface. Ihe 
percenlage of biotin binding progressively decreased to reach a 
minimum value of 10* with AV-mREG-15. 



SA. AV and its derivatives were radiolabdlcd with l2 *l und injected 
i.p. into normal mice (n = 3 per time point per protein) to investigate 
in vivo the effect of the protein modifications. The labelling effi- 
ciency ranged from 20* lo 25* for native AV and Ihe other modi- 
fied avidins. whereas for nalive SA it was approximately 80*. 

The in vivo stability of the radiolabelled proteins was deter- 
mined by TCA precipitation on the blood samples obtained at Ihe 
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. <«taln(^urtmfc8att8rin)«atoo o(VKV, r»c-AV 

and modified avttfna determined by EUSA. R«^|f arejpipRJSsed.as tie 
reciprocal value of each senm litre gMng an 00 (at .^Mitrn) at t)VM tkriw - 
the background. O. Rsstite after 23 days,B, results after 76 days;— .mean 



time of sacrifice. The results indicuted that only 5-25*, of free ,J, I 
was present in circulation up to 18 h post injection. with ihe excep- 
tion or AV-mPEO-3 and rec-AV. in wh|ch^jf^e^.ipf radip- 
activily was particularly significant (90* and 64*:respectively) 
The plasma clearance curves of AV. SA and modified avidins were 
calculated. The best biexponenlial filling, was^te^jn^ . 'for each 
experimental curve and the correlation 'wjeffieieht, ''calfuloied on 
the mean values, was found lo be ekvai&to;M. m!giflz fmm 
0.920 lo 0.997. The' first rising portion of fiW curves^probably. 
represented Ihe absorption of the radiolabeled proteins from ihe 
peritoneal cavity into the circulation. The '^pit^io]r^|inunatian 
was very rapid, and it was not possible to make any comparison 
between the various half-lives (i, i:a ). whereas for Ihe slower elim- 
ination phase /„, ( values were obtained. 

I'-^llrcc-AV cleared from circulation more rapidly than native 
AV (!„,„ = 0.8 vsl.3h). 

I'*ljsue-AV and |>»l|AV-mPEG-3 cleared more slowly than 
native AV, but still exhibited relatively rapid clearance (/,^, = 2.2 
and 2.6 h respectively). The blood clearance of |'?ilAY-mPEG-7 
was substantially prolonged with a half-life calculated for the 
beta component of the curve of 5.8 h approaching that of | l)S A 
tr =8.9h). 

The high degree of modification (38*) of AV-mPEG-15 
extended its plasma half-life beyond lhal of SA U laf » 12 h), In 
light of this observation, in addition lo the disappearance or Ihe 
capacity or bkHin binding, this modified avidin was not further 
investigated in the biodistribulion studies. 

The results of the biodistribulion studies, obtained at 31) mm. 
2 and 4 h post injection, are presented in Figure I as *1D mg '. SA 
showed the highest accumulation in kidneys and blood, at 2 und 4 h 
post injection, compared with all Ihe other proteins. As expected, 
AV presented an initial high uptake in blood (0.0223 ± 0.0I68*ID 
mg 1 at 30 min) followed by a rapid disappearance (0.0048 ± 0.0002 
ai 2 h and 0.0027 ± 0.0016 at 4 h). Liver uptake was rather high for 
AV. SA and suc-AV at 30 min (0.0088 ± 0.0024; 0.0069 i 0.0026 
and 0.0074 ± 0.0034 respectively) ami 2 h post injection (0.0196 ± 
0.0065: 0.0084 ± 0.0014 and 0.008 ± 0.0032 respectively). At 4 h. 
liver uptake orSA increased drastically (0.0534 ±0.0304). whereas 
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AV and suc-AV showed a moderate decrease (0.013 ± 0.004K 
and 0.0032 ± 0.001 respectively). Rec-AV and suc-AV presented 
an initial, moderate uptake in blood (0.03 1 ±0.0007 and 
0.0068 ± 0.004! respectively at 30min) that decreased progres- 
sively with lime (0.0024 ± 0.0012 and 0.001 9 ± 0.0002 respectively 
at 4 h>. Except for the high accumulation in kidneys at 2 urnl 4 h post 
injection (0.0596 ± 0.0031 at 2 h and 0.0317 ± 0.0062 at 4 h>. no 
other target organ was.evideni for rec-AV. Suc-AV; instead, showed 
low accumulation in kidneys (0.008 ± 0.0005 at 4 h> but the highest 
spleen uptake «t 2 h (0.0123 ±0.01 12). 

The two mPEG avidins.shpwed a different behaviour in blood 
The radioactivity associated wilh.AVrmPEG-3 remaned constant 
rrorn 30,mm to 2 h post injection and then decreased al 4 h (0.005 ± 
0.001 1 at 30 mm and 0.0028 ± 0.0003 at 4 h). However. AV-mPEG- 
7 presented a progressive increase up to'4'h post injection (0.0036 + 
O.OOIXvat 30min: (>.<X>72 ± 0,0008 at 2 h; 0.0106 ± 0.(MIK6 tu 4 b) 
and then subsequently declined (data not shown). Kidney and liver 
uptake of the mPEG avidins was lower at 2 and 4 ttpust injection 
than uptake of all the other. proteins. The liver and spleen uptake or 
AV-mPEO-7 ut 30 mm post injection was the lowest of all the 
proteins (0.0027 ± 0.0014 tor liver and 0.003 ± (1.00014 for spleen) 



ln; ; order ; ' to \ evaiui^^ij^ui^ehiyily (Figure, 2);>mkv were 
injeytcti i.p. anll s.c. ' Villi' modified; 'AVs. Antibody response 
^MjO-syhe honWiUigous imm'Mnogen. evaliuted hy/EI^SA. became 
delectable in.themajonty of tested animals after iwo (rec-AV ami 
Ay:mPEqV3) or t!^:»njc\tipn>. (^»n\|->^'->iyJ':^ rose to a 
high linw.ant-r a fuoherbtHisi rt;day-5J^IJaflinjii'b survived the 
eompl&wirofMheie^ 

of t he i r vital signs. A high inter-animal variability 'in .the level of 
antibody response was ob<jerve(i. ImmunizaYi.ori with' AV;mPEG-7 
resulted in a positive resminsc in-only iinivrnimse^iut of six after 
the third booxi injection. On the (ihejr hand: AV-mPF.G-3. suc-AV 
and rec-AV elicited an almost compkic response after the third 
b«>osi injection. Even after the list injection, the litre or binding 
activity of the serum of mice immunized iwiih AV-mPEG-7 <nd 
AV-mPEfr 15 was low compaiv^ 

Sera or animals imiTO»izey-ugainsYi*-h «>|iklifi^ yW and posi- 
tive at the last bleeding were, pnofcd .an^ il#r. bindfog ivactivity 
was evuluated on microtitre plates eiuiwl wiih native AV. The sera 
anti-rec-AV, -suc-AV and - AV-mPEG-3 showed an evident nut low 
cross-reactivity (between 2(r> and Mm. whereas AV-mPEG-7- 
and AV-mPEG-15-induced responses appeared 
native AV. 

The cross-reactivity of modilied vs native AV was also evalu- 
ated by testing the reactivity of the pooled aniinative AV sera 
.Figure 3Ai and of an anli-AV monoclonal antibody (Figure 3B) 
on microtitre plates coated with the different modified AVs. To 
lake into account the din'crcnl coaling ability after AV modifica- 
tion, the amount of the various preparations was increased up to 
the saturation of hiotin binding. Under these experimental condi- 
tions ho(h polyclonal (data not shown) and monoclonal binding 
titration curves reached a plateau (Figure 3B). The recombinant 
Itirm was recognized as the native molecule, whereas, after PEG 
modification. AV was detectetl. to a lesser extent, in a dose- 
dependent manner (from I5<* lo 70* ) by both polyclonal and 
monoclonal sera. 

The Scutchard analysis or the monoclonal antibody-binding 
data indicated that, by increasing the mPEG substitutions, the 
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determined by EUSA coating with the dHterant rodlAed avWins: AV ft. m- 
AV ( C). auc-AV (♦>. AV-mPEQ-3 { ). AV-mPEG<7 (A) and AV-mPEQ.15 (• 
-*■-*- •— - - — -vseiaiAJandotananttnaUveAV 



•I by both polyclonal and 



Pretargeting techniques haw been shown to reduce normal tissue 
toxicity, especially to the bone marrow, which has been the major 
limiting factor in the application of radioimmunothcrapy to solid 
tumours. Among the variety or combinations between targeting and 
effector mofceulcs (Goodwin. IW5>. the uvidin-biolin system has 
certainly been the most studied in the clinical setting (Fazio and 



number of recognized antigenk- sites progressively decreased 
down to ubout 40* in AV-mPEG- 15 relative to native AV. Suc-AV 
was delected al an intermediate levc 
monoclonal anti-AV response. 
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Paganelli. 1993). Recent studies have also shown that avidin is 
effective as a 'chase' to clear biotinylated antibodies from circula- 
tion (Paganelli ct al, 1994). However, in die three-step approach, 
because of ilsTast half-life, il is unlikely that high levels of AV can 
be targeted on to the tumour (Magriani et al, 1996). Conversely, the 
longer half-life and higher tissue retention of streptavidin (Schechter 
et al. 1990: Grana et a). 1996) can convey more. SA and so more 
ndiolabelled biotin on to the tumour. The^fore,.sneptayidin has 
been preferred, to AV jn- therapy, |rj9^.-i^ii^!|'M.''^ ,99o >- 
However, the niajor drawback^ of. this system fies in the. immuno- 
genicily of this x^nojirotein (Pjag^^ijri^ajj'IWjrAi) 'and. therefore on 
investigation aimed til identifying a^g|i^"^{ii|i^r-^B|iiii half- 
life than AV and tower imrnunogent ily Uian S A was undertaken. 

The use of a modified avidin, with ^ .wh.-.charKtenstics may 
represent a step forward in llw.mariagerrjent of.cancer patients, as 
repeated cycles of Ujeiapy.ccwhi^foi^^!. • 

PEG is a linear, wuterTSoluble.. v u > neh^ 
is available in various, nwleeujaf .^|ig^s/^ acti- 
vated to allow for coupling i .ib prcfeirisSbelg^^et' al. |992). In 
this investigation. we'us^ die ^jaij^^^y'^j^ped (mPEGl 
of 5000 Da and the ^^^y^i^^^Ji^ii^l^Vki^M 
molar ratios as it tiw..i^^p^i^^tei|^^^^fHre of 
mPEG-proieins is prokWigcd by ir^aslngalfc numJw.ofmPEG 
ehains..Re^qicfl,o^ 

its lysine rc^due^ with suv-c.pKvanhydndcior^^dndcs 
( Kang ct aL 1.9w).j!^.b^.$^^'^iip^^'dei^^g the 
liver, taaljzatiojn' ^f^:.;^^^^^^^^^ 
(Roscbrpughct til t *'t : ^^^J^gi^^^^-^%^|^iri«;^|np|$in 
cDNA into an . £ «rff expression .vector- ty» -modern; ^xssiMe to 
produce, large amounts of ^ a nx'pmbTnan'i avidin jacking the 
carbohydrate mpifty and with ah aftiniiy Jbr biotin similar to the 
nuiurul protein (Shin ctal. 1997).' ." ^. 

Loss of hiuuetivity ufler chemical modifications has frequently 
been noted for several enzymes and bormt^>. PEGs.xxipletl anti- 
bodies have recemly -.idiawn. i.n;i^pi^^r^i^Cl9^li^ar»' but it 
was accompanied by a reduction in amigen bii^ng (Delgad(> el al. 
1996). This also occurred in avidins,, as increasing the number 
of mPEG chains bound ^. ; n»le«^>d?£Ay° aW-pjogrcssively 
decreased ihc in vitro biotin- binding evaluated by un ELISA assay. 
Al present, it is diffiiVlt ib ex^^ in 
binding as the mPEG has been i-oupjed. to AV through the NH, 
groups of lysine residues. Other umino <aciids. such, as tyrosine, 
have been demonstrated to bic mc^ jtnjportfn'i -Rrir.'l^otin.'MtxIinii 
than lysine. In fad. it has been reported that the modification of 
two tyrosine residues, per AV letramcr was sufficient to abolish 
completely the biotin binding tGitlin el al. 1990). 

It has also been suggested that the flexible long chain of the 
mPEG polymers sterically interferes with the substrate approach to 
the active binding site (Marshall ct al. 19%). In this study, a high 
molecular weight polymer was used and that may explain the loss 
of 50* in the biotin binding observed with only on average of 
three polymer chains linked to AV. In fact, conjugation to SA of 
small molecules such as galactose with motor ratios galactosc-to- 
SA of 10 and 25 exhibited no reduction in the biotin binding 
(Rnsebroughand Hartley. 1996). 

The observed extension of the plasma half-life by increasing 
the mPEG modification of AV has been previously reported 
(Komisakielal. 1981 )urid discussed (Marshall el al. 1996). mPEG 
modification is supposed to provide a protection as a surface 
harrier to large molecule interaction such as proteolytic enzymes, 
thus making clearance slower as has already been reported for 
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In vivo behaviour of imererUaviaTn species ; <1»5 

several proteins (Nucci el al. 1991; Kartre. 1993). The. mpiOcar : 
lion with an average of seven mPEG chains appeared lo bc io^iliio 
raise the plasma clearance of AV to a value (5,8 h). imeijnediaie 
between those of AV and SA. However, the pJasmajclearaRcejjf 
AV was not significantly prolonged by the modification : with 
succinic anhydride as the plasma half-life of .sufr'AV h);wis ' 
only slightly longer than thai of AV ( 1 .3 h) as^vfe^^^i' ' • 
by others (Kong et aL 1995). The high crew^jp^^^^^V, \- : 
(0.8 h), even shorterthan that of AV, is not tciaJjy^Kjnp^sing Jt'ps 
been reported that a commercial prod^^^.|^R^ie|^n^' 
(Eurogentec, Belgium), in which all the ^^^j&^^^»/y 
the glycoprotein have been removed ^^e'i^ejje^HS^ii^^^ 
been lowered to neutral, showed in rots a 'slow/pjal^^lenn^ 7 
similar to SA. In addition, in the same animal -mM^imo^f . 
modified avidin. only partially (50* ) deglycwyla^ys^ed' y 
instead a fast clearance similar to AV. The stu^f^rn^u|c^}^^v^ 
plasma clearance of modified avidins was :|aygely?Jnfluimciajby. -V 
the combination or the degree or glycosylation ahd*(ltc.c^irgc.of? ' 1 
the avidin analogue (Kang ct al, 1995). ".\$f- V ■ '; 

Biodisiribulion studies were perrormcd in mice ^w.Hohelflng .'■ ; 
the proteins with 155 l. For uniformity, the dtitorumhi^jT|nte|^K^. r 
was adopted for all proteins and Ihc mmum .of p^|»Ta^rjt§r; .. '{ 
tered was maintained constant. On the other./hand.; the : 
Bolton-Humer reagent, recommemled eitpeclajiy^pjr^^^^i^ 
low tyrosine content such as AV (Schechter el aL ^99^)"reae1i. ' 
with primary amines that have been derived in tlte.prepariwn of . W!; 
PEG Ay's and suc-AV. " - - 8»>*>$ 

The long physical, half-life of '-''I suggested that ihej.p. ; rguie'qf 
administration could .be used instead or the. i.v. ;injwtip«] f in !ilw;.' .\f: 
comparison among Ujc different modified avidias.lHnolowich et '■■„■' 
al. 1987). It was found that approximately js^'of/'^^nJiBcetitT'' 
muluted in the liver a£:2 h and that the uptake dema^llf ^ " 



AV in 



(approximately 5* at 1Kb). High liver uptake (^jmxiir^cjy^ 
50*) has been reported 2 h after the i.v. injecUon'.of^i^odnR^II'V. 

(Rosebrough and Hartley. 1996) and'rtic.npntwsc 
»g, most probably present in the liver'tC^fr^.wlls. 
to be the cause of such high accumulation. (In'Uhis - 
dificutkm ipreyented 
3 iiiW AV-mreG : 7 
i«c-AV, v wliich lacks . 
that AV.;aj&Votiwr .. 
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was indicated to be the cause of such high accumulation, jlti 
investigation, we observed that the mPEG modificW^lprejwied 
the munnose receptor binding as AV-mPEG-3 and AVTmPf" " 
showed at 2 h liver uptake lower than that of rec-A 
the carbohydrate moiety. The observation that t, 
catioaic proteins accumulated in vitro and in vivo, on ;the - 
glomerular membrane (Border ct ul. 1982; Kaseda et al. 1985) was 
confirmed in this study because at 2 h post-injection AV kidney 
uptukc was about 12* whereas, on the other hand. suc-AV and 
AV-mPEG-7 showed < I* accumulation. 

The immune response evoked by PEGylaled AV was weaker and 
delayed compared with that induced by native AV. Analysis of the 
binding data of monoclonal and polyclonal sera aniinative AV 
suggests that the PEGylation may mask antigenic sites on the mole- 
cule. However, we cannot exclude that a imxlificjlion of AV anti- 
genic portions could also lake place and contribute to the total 
antigenicity. These results are in agreement with those obtained in 
the PEGylation of galactosylated streptavidin (Marshall ct al. 1996). 

Rec-AV and suc-AV elicited an immune response comparable in 
intensity and time of development to that of native AV. although 
suc-AV showed only a partial cross-reactivity with native 
molecule, suggesting that this type of modification could alter its 
antigenic pattern. 

The low cross-reaetivily of some modified avidins with native 
AV may have an important impact for future clinical applications of 
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these molecules as it could be feasible lo administer safely modi- 
fied avidins in paiicnis already treated with AV and vice versa. 

In conclusion, the avidin nwdiiicaiipn by conjugation with an 
average or seven mPEG chains raises the plasma half-life of AV 10 
a value.similarlo SA. Moreover, ite immunogenicity of AV cun be 
successfully reduced, with copnincii' low ctDss^reaclivity with AV. 

Funtermore. as already successfujly verified for so,ne enzymes 
(CuJiccii et al. 1994)'.. we have begun to investigate tho prMeclion 
oftheayiiiinuetiytyb^^ using 
soluble/ and Viijoiubli; ^^^^Wp.^ttP^aiy resuits are 
consisiVnt Wjiluhe fro-siNiityoM^^^ percentage 
of biotin binding of AVimPECJ^ increased from j.W (see TaWe 2 1 
to appro»imatdy 60%. 

This work wa^ supported .in part by .u grant of the Italian 
Association 'fijg Ca^-jkaeufy. ;tiihh«p(>lhi«ii|c Dr Cilmora 
PirrV^lllnstitulcor ^Cnci>higy ^ut^iRadir^HpSy; Havana. Cuba ) 
anu'Piehi Aielto (istltuti). Na/'iiinaie-df i Tunwri, Milaiut) for their 
valuuhle help in the animal experiments and Elena Luison for 
technical assistance. 
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